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(54) Electromagnetic wave shielding and light transmitting plate 



(57) An electromagnetic-wave shielding and light 
transnnitting plate suitable for an electromagnetic-wave 
shielding filter for a PDP, which has good electromag- 
netic-wave shielding efficiency and light transparency, 
can provide distinct pictures, and can yet be easily 
made, is provided. The electromagnetic-wave shielding 
and light transmitting plate comprises two transparent 
base plates and an adhesive layer made of EVA in which 



conductive particles are dispersed and mixed. The base 
plates are integrally bonded together by the adhesive 
layer. Adjusting the particle size and the dispersed 
amount of the conductive particles enables the manu- 
facture of plates having desired electromagnetic-wave 
shielding efficiency, in addition, good light transparency, 
without moire phenomenon. Using an adhesive sheet 
formed by mixing the conductive particles into the EVA 
facilitates the manufacture of the aforementioned plate. 
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Description 

The present invention relates to an electromagnetic-wave shielding and light transmitting plate and, nnore partic- 
ularly, to an electromagnetic-wave shielding and light transmitting plate suitable for a front filter for a PDP (plasma 
s display panel), which has good electromagnetic-wave shielding efficiency and light transparency 

Recently, with the spread of electronic appliances including office automation apparatuses and communication 
instruments, electromagnetic wave emission from these appliances have come into a problem. That is, adverse effect 
of electromagnetic wave to the human body is feared and it is also a problem that the electromagnetic wave affects 
precision apparatus to operate in wrong way. 
10 In particular, a PDR which is merchandised as a flat large display in current years, has large electromagnetic wave 

emission due to its operating mechanism. Therefore, plates having good electromagnetic-wave shielding efficiency 
and light transparency have developed and come into practical use. Such plates are also used as windows ot a place 
where a precision apparatus is installed, such as a hospital or a laboratory. 

A conventiotTal electromagnetic-wave shielding and light transmitting plate typically comprises transparent base 
'5 plates such as acrylic boards and a conductive mesh member like a wire netting and is fonned by interposing the 
conductive mesh member between the transparent base plates and by integrating them. 

The conductive mesh member conventionally used in the electromagnetic-wave shielding and light transmitting 
plate is a wire netting typically having a wire diameter between 30 and 500 \m and an open area ratio between about 
30 % and about 60 %. 

20 In the conventional electromagnetic-wave shielding and light transmitting plate using the conductive mesh member, 

however, the mesh member must be designed to have significantly small mesh size in order to provide sufficient elec- 
tromagnetic-wave shielding efficiency. Since this means that a net is disposed in front of the PDP of an office automation 
apparatus, for example an image blurring phenomenon occurs so that distinct pictures can not be provided. Further, 
a phenomenon that the dots of the PDP and the grids of the mesh member produce interference fringes (so-called 

•25 "nnoir6") also occurs and this phenomenon also makes the pictures unseemly. 

The conventional electromagnetic-wave shielding and light transmitting plate is at disadvantages in that reflection 
of light on a display makes the pictures unseemly and in that the angle of visibility is small so that images on the display 
are not visible due to lateral incident light. Moreover, there is a problem that heat from the main body of an office 
automation apparatus results in overheating of the display 

30 It is an aim of the present invention to solve the above conventional problems and to provide an electromagnetic- 

wave shielding and light transmitting plate suitable for an electromagnetic-wave shielding filter for a PDP. which has 
good electromagnetic-wave shielding efficiency and light transparency can provide distinct pictures, and can yet be 
easily made. 

It is another aim of the present invention to solve the above conventional problems and to provide an electromag- 
3S netic-wave shielding and light transmitting plate suitable for an electromagnetic-wave shielding filter for a PDP, vrtiich 
has good electromagnetic-wave shielding efficiency and has large angle of visibility 

It is yet another aim of the present invention to solve the above conventional problems and to provide an electro- 
magnetic-wave shielding and light transmitting plate suitable for an electromagnetic-wave shielding filter for a PDP, 
which has good electromagnetic-wave shielding efficiency and light transparency, can provide distinct pictures, and 
40 has adiathenrancy. 

An electromagnetic-wave shielding and light transmitting plate of a first aspect is characterized by comprising two 
transparent base plates and an adhesive layer made of resin in which conductive particles are dispersed and mixed, 
wherein the base plates are integrally bonded by the adhesive layer. 

In the electromagnetic-wave shielding and light transmitting plate of the first aspect, since the conductive particles 
4S are dispersed in the adhesive layer, adjusting the panicle size and the dispersed amount of the conductive particles 
enables the manufacture of plates having desired electromagnetic-wave shielding efficiency, in addition, good light 
transparency, without moir6 phenomenon. 

The electromagnetic-wave shielding and light transmitting plate of the first aspect can be easily made by interposing 
the adhesive sheet, which is formed by mixing the conductive particles into ethylene-vinyl acetate copolymer (EVA), 
so between the two transparent base plates and bonding them. 

In the first aspect, the particle size of the conductive particles is preferably less than 0.5 mm and the ratio of the 
conductive particles relative to the resin is preferably in a range from 0.1 to 50 % by weight. 

In addition, the resin is pr ferably ethylene-vinyl ac tate copolymer 

In the lectromagn tic-wavo shielding and light transmitting plat of the first aspect, a conductive mesh member 
ss nnay be also used. 

Th el ctromagn tic-vrave shielding and light transmitting plate of the first aspect has the following effects so that 
it is industrially useful, for example, as an electromagnetic-wave shielding filter for a PDP. 
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1 . Adjusting the particle size and the dispersed amount of the conductive particles provides desired electromag- 
netic-wav shielding efficiency and good light transparency. 

2. The moire phenomenon due to the use of a conductive mesh member can be prevented so as to provide distinct 
pictures. 

s 3. The plate can be easily made only by using a normal bonding process. 

An electromagnetic-wave shielding and light transmitting plate of a second aspect includes a transparent base 
plate having a conductive layer which is bonded to a surface the transparent base plate by resin and is characterized 
in that the conductive layer is a conductive foil which is pattern etched. 

10 The use of pattem etching allows the metallic foil to be etched in any pattern configuratbn so that the degree of 
freedom for the line width, space, and opening configuration is significantly high as compared with a conductive mesh 
member. Therefore, the aforementioned electromagnetic-wave shielding and light transmitting plate is made possible 
by using such a metallic foil which has both good electromagnetic-wave shielding efficiency and good light transparency 
and which never cause moire phenomenon. 

'S In the second aspect, the conductive layer may be interposed between two transparent base plates. Furtheo the 

conductive layer may be disposed on one of surfaces of one transparent base plate. 

It is preferable that the metallic foil is formed in a predetermined pattern by steps of coating with photoresist, pattem 
exposure, and etching. 

In the second aspect, the resin for bonding the conductive layer is preferably ethylene-vinyl acetate copolymer 
20 (EVA). 

The electromagnetic-wave shielding and light transmitting plate of the second aspect has the following effects so 
that it is industrially useful, for example, as an electromagnetic-wave shielding fitter for a POP. 

1 . Selecting the configuration of the pattem etching of conductive foil provides desired electromagnetic-wave 
25 shielding efficiency and good light transparency 

2. The moire phenomenon due to the use of a conductive mesh member can be prevented so as to provide distinct 
pictures. 

An electromagnetic-wave shielding and light transmitting plate of a third aspect includes a transparent base plate 
30 having a conductive layer which is formed on a surface of the transparent base plate and is characterized in that the 
conductive layer is a conductive film wfhich is pattem etched. 

The use of pattern etching allows the conductive film to be etched in any pattem configuration so that the degree 
of freedom for the line width, space, and opening configuration is significantly high as compared with a conductive 
mesh member. Therefore, the electromagnetic-wave shielding and light transmitting plate which has both good elec- 
35 tromagnetic-wave sh ielding efficiency and good light transparency and which never cause moire phenomenon is made 
possible. 

The plate of the third aspect may comprise two transparent base plates integrally bonded by adhesive resin to- 
gether, wherein the conductive layer is formed on at least one of the transparent base plates. 

The electromagnetic-wave shielding and light transmitting plate can be easily made by interposing the adhesive 
fo film which is made ot adhesive resin such as ethylene-vinyl acetate copolymer (EVA) between the transparent base 
plates onto which the pattern-etched conductive film is prevbusly formed, and bonding them. 

The conductive film is preferably a metallic film which is formed in a predetermined pattem by steps of coating 
with photoresist, pattern exposure, and etching. 

In the third aspect, the adhesive resin for bonding the transparent base plates is preferably ethylene-vinyl acetate 
45 copolymer (EVA). 

The electromagnetic-wave shielding and light transmitting plate of the third aspect has the following excellent 
effects so that it is industrially useful, for example, as an electromagnetic-vrave shielding filter for a PDP 

1 . Selecting the configuration of the pattem etching of conductive film provides desired electromagnetic-wave 
so shielding efficiency and good light transparency 

2. The moire phenomenon due to the use of a conductive mesh memljer can be prevented so as to provide distinct 
pictures. 

3. Previously forming the conductive film by pattem etching on the transparent base plate facilitat s the manufac- 
ture of the aforementioned plate only by using a normal bonding process. 

ss 

An lectromagnetic-vrave shielding and light transmitting plate of a fourth aspect includes a transpar nt base plate 
having a conductive layer which is formed on a surfac of the transpar nt base plate and is characterized in that th 
conductive layer is conductive ink provided on the surface of the transparent base plate by pattem printing. 
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The use of pattern printing allows the conductive layer to be printed in any pattern configuration so that the degree 
of freedom for the line width, space, and opening configuration is significantly high as compared with a conductiv 
mesh member. 

Therefore, the electromagnetic-wave shielding and light transmitting plate which has both good electromagnetic- 
s wave shielding efficiency and good light transparency and which never cause moire phenomenon is made possible. 

It is preferable that the plate of the fourth aspect comprises two transparent base plates integrally bonded by 
adhesive resin together, wherein the conductive layer is formed on at least one of the surfaces of the transparent base 
plates. 

The electromagnetic-wave shielding and light transmitting plate can be easily made by interposing the adhesive 
10 film which is made of resin such as ethylene-vinyl acetate copolymer (EVA) between the transparent base plates onto 
which the conductive layer is previously formed onto the transparent base plate by the pattern printing, and bonding 
them. 

In the fourth aspect, the resin for bonding the transparent base plates is preferably ethylene-vinyl acetate copolymer 
(EVA). 

IS The electromagnetic-wave shielding and light transmitting plate of the fourth aspect has the following excellent 

effects so that it is industrially useful, for example, as an electromagnetic-wave shielding filter for a PDP. 

1 . Selecting the configuration of the pattern printing of conductive layer provides desired electromagnetic-wave 
shielding efficiency and good light transparency 
20 2. The moire phenomenon due to the use of a conductive mesh member can be prevented so as to provide distinct 

pictures. 

3. Previously forming the conductive layer by pattern printing on the transparent base plate facilitates the manu- 
facture of the aforementioned plate only by using a normal bonding process. 

2S An electromagnetic-wave shielding and light transmitting plate of a fifth aspect comprises two transparent base 

plates and a conductive mesh member, interposed therebetween, which are integrally bonded by adhesive resin to- 
gether and is characterized in that the transparent base plate located at the opposite side of an electromagnetic wave 
source is formed with an antireflection film, which is a laminated film of a high-refractive transparent film and a low- 
refractive transparent film, on a surface thereof. 
30 In the fifth aspect, since the transparent base plate located at the opposite side of an electromagnetic wave source 

is fomned with the antireflection film, which is a laminated film of a high-refractive transparent film and a low-refractive 
transparent film, on a surface thereof, the light reflection is prevented by the light interference action of the antireflection 
film so that the electromagnetic-wave shielding and light transmitting plate of this aspect has large angle of visibility 
Using a transparent conductive film as the high-refractive transparent film provides excellent etectromagnetic- 
3S wave shielding efficiency with the cooperation of the conductive mesh member 

It is preferable that the antireflection film is a multi-layered film formed by laminating alternatively high-refractive 
transparent films and low-refractive transparent films. 

It is also preferable that the antireflection film is formed with an antifouling film thereon. 

Since the conductive mesh member is interposed between the transparent base plates, the electromagnetic-wave 
40 shielding and light transmitting plate of the fifth aspect has an anti-scattering effect when broken and thus has high 
safety. 

In the fifth aspect, the adhesive resin is preferably transparent ethylene-vinyl acetate copolymer (EVA). 

The electromagnetic-wave shielding and light transmitting plate of the fifth aspect has good electromagnetic-wave 
shielding efficiency and light transparency and can ensure that images on the display are sufficiently visible even with 
4S lateral incident light. Further, since the transparent base plates are strongly bonded by adhesive resin, the transparent 
base plates do not scatter when receiving an impact so that the plate of the fifth aspect provides excellent safety and 
therefore is industrially useful, for example, as an electromagnetic-wave shielding filter for a PDP. 

An electromagnetic-wave shielding and light transmitting plate of a sixth aspect comprises two transparent base 
plates and a conductive mesh member interposed therebetween, which are integrally bonded by adhesive resin to- 
gether and is characterized in that the transparent base plate located at the side of an electromagnetic wave source 
is formed with a heat ray reflecting transparent conductive film on a surface thereof. 

Since the transparent conductive film is formed on the surface of the transparent base plate located at the side of 
the el ctromagnetic wave source, the el ctromagnetic-wave shielding and light transmitting plate of th sixth aspect 
can provide xc llent el ctromagnetic-wave shielding effect in cooperation with th conductive m sh member. Since 
55 the lectromagnetic-wav shielding effect is obtained by the combination of the transparent conductiv film and th 
conductive mesh member, the design of the conductiv mesh member can be considered putting emphasis on the 
moir6 phenomenon so that the conductive mesh can be designed in such a configuration to cause litti moird phenom- 
enon. 
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Since the transparent conductive film has heat ray reflection efficiency, it can reflect heat ray from an office auto- 
mation apparatus to effect the thermal insulation. 

Since the conductive mesh member is interposed between the transparent base plates, the electromagnetic-wave 
shielding and light transmitting plate o1 the sixth aspect has an anti-scattering effect when broken and thus has high 
5 safety. 

In the sixth aspect, the adhesive resin is preferably transparent ethylene-vinyl acetate copolymer (EVA). 

The electromagnetic-wave shielding and light transmitting plate of the sixth aspect has good electromagnetic-wave 
shielding efficiency and light transparency, and has a function of reducing radiation heal from a display. Further, since 
the transparent base plates are strongly bonded by adhesive, the transparent base plates do not scatter when receiving 
10 an impact so that the plate of the sixth aspect provides excellent safety and therefore is industrially useful, for example, 
as an electromagnetic-wave shielding filter for a PDP. 

An electromagnetic-wave shielding and light transmitting plate of a seventh aspect comprises two transparent 
base plates and a conductive mesh member interposed therebetween, which are integrally bonded by adhesive resin 
together is characterized in that at least one of the transparent base plates is formed with a transparent conductive 
'5 film on one or both of surfaces thereof. 

Since the transparent conductive film is formed, the electromagnetic-wave shielding and light transmitting plate of 
the seventh aspect can provide excellent electromagnetic-wave shielding effect in cooperation with the conductive 
mesh member Since the electromagnetic-wave shielding effect is obtained by the combination of the transparent 
conductive film and the conductive mesh member, the design of the conductive mesh member can be considered 
20 putting emphasis on the moir6 phenomenon so that the conductive mesh can be designed in such a configuration to 
cause little moire phenomenon. 

Since the conductive mesh member is interposed between the transparent base plates, the electromagnetic-wave 
shielding and light transmitting plate of the seventh aspect has an anti-scattering effect when broken and thus has high 
safety. 

2S In the seventh aspect, the adhesive resin is preferably ethylene-vinyl acetate copolymer (EVA). 

The electromagnetic-wave shielding and light transmitting plate of the seventh aspect has good electromagnetic- 
wave shielding efficiency and light transparency, and has a function of reducing the moire phenomenon produced in 
cooperation with the matrix of the display. Further, since the transparent base plates are strongly bonded by transparent 
adhesive, the transparent base plates do not scatter when receiving an impact so that the plate of the sixth aspect 

30 provides excellent safety and therefore is industrially useful, for example, as an electromagnetic-wave shielding filter 
for a PDP. 

An electromagnetic-wave shielding and light transmitting plate of an eighth aspect comprises two transparent base 
plates and one of the following conductive mesh members A through C interposed therebetween, which are integrally, 
bonded by adhesive resin together: 

35 

A. a conductive mesh member made of metallic fibers of which the wire diameter is between 1 and 200 |im and 
the open area ratio is between 30 and 99.9 %; 

B. a conductive mesh member made of metal-coated organic fibers of which the wire diameter is between 1 and 
200 Jim and the open area ratio is between 30 and 99.9 %; and 

40 C. a conductive mesh member in which metallic fibers and/or metal-coated organic fibers and organic fibers are 

woven. It is preferable that the conductive mesh member has a wire diameter between t and 200 ^m and an open 
area ratio between 30 and 99.9 % 

II should be noted thai the open area ratio of the conductive mesh member means the ratio of areas, Virtiere the 
<5 openings occupy, relative to the projected area of the conductive mesh member 

The conductive mesh member having the wire diameter and the open area ratio shown in the above A, B can 
provide good electromagnetic-wave shielding efficiency and light transparency, and can prevent the moir6 phenome- 
non. 

The conductive composite mesh member of the above C, in which organic fibers is also used, can be woven without 
so fraying even v^en it is made of fine fibers to have a large open area ratio, thereby improving the degree of freedom 
for the wire diameter and the open area ratio and therefore enables the easy manufacture of the electromagnetic-wave 
shielding and light transmitting plate having good electromagnetic-wave shielding efficiency and light transparency, 
without moir6 phenomenon. 

Since the conductive mesh memb r is interposed between the transpar nt base plat s, the electromagnetic-wav 
ss shielding and light transmitting plate of the eighth aspect has an anti-scattering effect when broken and thus has high 
safety 

In the eighth aspect, the adhesive resin is preferably transparent ethylene-vinyl acetate copolymer (EVA). 

The electromagnetic-wave shielding and light transmitting plate of the eighth aspect has good electromagnetic- 



5 



EP 0 887 834 A2 



wav shielding effici ncy and light transparency, and has a function of reducing the moir6 ph nomenon Produced by 
the interference of light with the matrix of the display Further, since the transparent base plates are strongly bonded 
by transparent adhesive, the transparent base plates do not scatter when receiving an impact so that the pla e of the 
sixth aspect provides excellent safety and therefore is industrially useful, for example, as an electromagnetic-wave 
shielding filter for a PDP. 

Fig. 1 is a schematic sectional view showing an embodiment of an electromagnetic-wave shielding and light trans- 
mitting plate according to the present invention; K^Wio« =.nH 
Figs. 2a and 2b are schematic sectional views showing embodiments of an electronnagnetic-wave shielding and 
light transmitting plate according to the present invention; 
Fiqs 3a through 3f are plan views showing examples of etching patterns; 

Fig. 4 is a schematic sectional view showing an embodiment of an electromagnetic-wave shielding and light trans- 
mitting plate according to the present invention; . , i.. , 
Fig. 5 is a schematic sectional view showing an embodiment of an electromagnetic-wave shielding and light trans- 
mining plate according to the present invention; ^„r»' i,r,Hi 
Fiq 6a is a schematic sectional view showing an embodiment of an electromagnetic-wave shielding and light 
transmitting plate according to the present invention and Fig. 6b is an enlarged view of a part 60B of Fig. 6a, 
Fig. 7 is a schematic sectional view showing an embodiment of an electromagnetic-wave shielding and light trans- 
mitting plate according to the present invention; 

Figs. 8a through 8c are schematic sectional views showing embodiments ol the electromagnetic-wave shielding 
and light transmitting plate according to the present inventbn; 

Fig. 9 is a schematic sectional view showing an embodiment of the electromagnetic-wave shielding and light trans- 
mitting plate according to the present invention; and ^. . .u ^,»»»„t 
Fig. 10 is an enlarged schematic view showing fibers of a composite mesh member according to the present 
invention. 

Hereinafter, embodiments of an electromagnetic-wave shielding and light transmitting plate of the first aspect will 

be described with reference to drawings. 

Fig. 1 is a schematic sectional view showing the embodiment of the electromagnetic-wave shielding and light 

transmitting plate of the first aspect . 

As shown in Fig 1 , the electromagnetic-wave shielding and light transmrtting plate 1 of the first aspect conriprises 
two transparent base plates 2A. 2B and an adhesive layer 3 made of adhesive resin such as EVA in which conductive 
particles are dispersed and mixed and is formed by Interposing the adhesive layer between the transparent base plates 

and by integrally bonding them. . .i, , ^ .„,„„whoioffl 

Examples of matenal of the transparent base plates 2A. 2B includes glass, polyester, polyethylene terepMhalate 
(PET) polybutylene terephthalate. polymethyl methacrytate (PMMA). acrylic board, polycarbonate (PC), polystyrene, 
triacetate sheet, polyvinyl alcohol, polyvinyl chloride, polyvinylidene chloride, polyethylene, ethylene-vinyl acetate co- 
polymer, polyvinylbutyral, metal ionic cross-linked ethylene-methacrylic copolymer, polyurethane, and cellophane. 
Preferably selected from the above materials are glass, PET, PC, and PMMA. 

The thicknesses of the transparent base plates 2A, 28 are suitably determined in accordance with requirements 
(e q strength, light weight) due to the application of a plate to be obtained and are normally in a range from 0. 1 to 5 mrn^ 

The transparent base plates 2A, 2B are not necessarily made of the same material. For example, in a case of a 
PDP front filter of which only the front surface is required to have scratch resistance and durability, the transparent 
base plate 2A as the front surface may consist of a glass plate having a thickness of 1 .0 to 4.0 mm and the transparent 
base plate 2B as the rear surface may consist of a PET board having a thickness of 0.05 to 0.3 mm 

The transparent base plate 2A as the front surface may be processed by hard coating with silicone oxide, soil 
resistant finish with polyvinylidene fluoride paint. AR (anti-reflection) coating with laminated layers of silicone dioxide 
layer and titanium dioxide layer, and/or anli- glare finish by hard coating including light-scattering agent or hard coating 
forming convexoconcaves to improve its function. On the other hand, the transparent base plate 2B as the rear surface 
may be processed by heat ray reflection coating with zinc oxide and silver film to improve its function. 

Examples of resin of adhesive layer 3 for bonding such transparent base pbtes 2A, 2B include «5poVmers of 
thylene group, such as thylene-vinyl acetat copolymer, ethylene-methyl acrylic copolymer, ethylene-(meth) acrylic 
copolymer, thylene-ethyl (meth) aciylic copolymer, ethyl n -m thyl (meth) acrylic copolymer, metal i<^ic cross-linked 
ethylene-(meth) acrylic copolymer, partial saponffied ethyl n -vinyl acetate copolym , calboxylated ethy ne-v nylac- 
tat copolymer, ethyl ne-(m th) acrylicmaleic anhydride copolymer, and thyl n -vinyl acetate-(meth) aciylate co- 
polymer It should be not d that -(meth) acrylic" m ans "acrylic or methacryllcV Besides the above r sins, polyvinyl- 
butyral (PVB) resin, epoxy resin, acrylic resin, ph nol resin, silicone resin, polyester resin, and urelhane resin may be 
employed The best one among the aforementioned resins is ethylene A/inyl acetat copolymer (EVA) because it can 
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offer the best balance of performance and can be easily fiandled. In view of th impact resistance, the perforation 
resistance, the adhesive property, and the transparency points of view, PVB resin used in a laminated glass for a 
vehicle is also preferable. 

It is preferable that the PVB resin contains polyvinyl acetal between 70 and 95 % by unit weight and polyvinyl 
s acetate between 1 and 1 5 % by unit weight, and has an average degree of polymerization between 200 and 3000, 
preferably 300 and 2500. The PVB resin is used as resin composition containing plasticizer 

Examples of plasticizer in the PVB resin composition include organic plasticizers, such as monobasic acid ester 
and polybasic acid ester, and phosphoric acid plasticizers. 

Preferable examples of such monobasic acid ester are ester as a result of reaction of organic acid, such as butyric 
10 acid, isobutyric acid, caproic acid, 2-ethylbutyric acid, heptoic acid, n-octyl acid, 2-ethylhexyl acid, pelargonic acid (n- 
nonyl acid), or decyl acid, and triethylene glycol and, more preferably, are triethylene-di-2-ethylbthyrate, triethylene 
glycol-di-2-ethylhexoate, triethylene glycol-dioproate, and triethylene glycol-di-n<x;otoate. Ester of one of the above 
organic acids and tetraethylene glycol or tripropylene glycol may be also employed. 

Preferable examples of plasticizers of polybasic acid ester group are ester of organic acid, such as adipic acid, 
IS sebacic acid, or azelaic acid, and straight chain like or brunch like alcohol with from 4 to 8 carbon atoms and, more 
preferably, are dibutyl sebacate, dioctyl acetate, and dibutyl carbitol adipate. 

Examples of phosphoric acid plasticizers include tributoxyethyl phosphate, isodecyl phenyl phosphate, and tri- 
isopropyl phosphate. 

Insufficient plasticizer in the PVB resin composition reduces the film-fomning property, while excessive plasticizer 
20 spoils the durability during high temperature. Therefore, the amount of plasticizer in the PVB resin composition is 
between 5 and 50 parts by weight, preferably between 10 and 40 parts by weight, per 100 parts by weight of polyvinyl 
butyrai resin. 

The PVB resin composition may further include additive(s) such as stabilizer, antioxidant, and ultraviolet absorbing 
agent in order to prevent the deterioration. The conductive particles to be dispersed in the adhesive layer 3 nnay be 
25 any particles having conductivity and the following are examples of such conductive particles. 

(i) carbon particles or powder; 

(ii) particles or powder of metal such as nickel, indium, chromium, gold, vanadium, tin, cadmium, silver, platinum, 
aluminum, copper, titanium, cobalt, or lead, alloy thereof, or conductive oxide thereof; and 

30 (ill) particles made of plastic such as polystyrene and polyethylene, which are surfaced with coating layer of a 

conductive material from the above (i) and (ii). 

Because the conductive particles of large particle diameter affect the light transparency and the thickness of the 
adhesive layer 3, it is preferable that the particle diameter is 0.5 mm or less. The preferable particle diameter of the 

3S conductive panicles is between 0.01 and 0.5 mm. 

The high mixing ratio of the conductive particles in the adhesive layer 3 spoils the light transparency, while the low 
mixing ratio makes the electromagnetic-wave shielding efficiency short. Tlie mixing ratio of the conductive particles is 
preferably between 0. 1 and 50 % by weight, particularly between 0. 1 and 20 % by weight and more particularly between 
0.5 and 20 % by weight, relative to the resin such as EVA. 

40 The color and the luster of the conductive particles can be suitably selected according to the application. In a case 

of a display filter, conductive particles having a dark color such as black or brown and dull surfaces are preferable. In 
this case, the conductive particles can suitably adjust the light transmittance of the filter so as to make the display 
easy-to-see. 

The electromagnetic-wave shielding and light transmitting plate of the first aspect can be easily made by interposing 
4S the adhesive layer, in which the conductive particles of predetermined amount and crosslinking agent for heat curing 
or photo-curing are mixed to the resin such as EVA, between the transparent base plates 2A and 2B, decompressing 
and deaeiating them under the heated condition, and hardening the adhesive layer by heating or irradiation to integrate 
them. 

The thickness of the adhesive layer 3 can vary according to the application of the electromagnetic-wave shielding 
so and light transmitting plate and is normally between 0.05 and 1 .0 mm. When the thickness of the adhesive layer 3 is 
less than 0.05 mm, the thickness of the conductive layer for shielding electromagnetic-wave becomes too thin so as 
not to provide sufficient electromagnetic-wave shielding efficiency. On the other hand, the thickness exceeding 1 .0 mm 
may spoil the light transparency. Therefore, the adh siv sheet is formed to hav a thickness from 0.05 to 1 .0 mm to 
make an adhesive layer having such a thickness. 
ss H reinafter, the adhesiv layer in which EVA is used as the resin will be described in detail. 

EVA in which the contents of vinyl acetate is between 5 and 50 % by weight, preferably between 1 5 and 40 % by 
weight, is employed. Less than 5 % by weight of vinyl acetate interferes with the weatherabilrty and the transparency, 
while exceeding 40 % by weight of vinyl acetate significantly reduces mechanical characteristics, mak s the film fomiing 
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difficult, and produce a possibility of blocking between sheets. 

Suitably employed as the crosslinking agent when the EVA is crosslinked by heating is organic peroxide which is 
selected according to the temperature for sheet process, the temperature for crosslinking agent, and the storage sta- 
bility. Examples of available peroxide includes 2,5-dimethylhexane-2,5-dihydro peroxide; 2,5-dimethyl-2.5-di (tert- 
butyl-peroxy)-hexane-3. di-tert-butyl peroxide: tert-butylcumyl peroxide; 2,5-dimethyl-2,5-di(tert-butyl-peroxy)-hexane; 
dicumyi peroxide; a,a'-bis(tert-butyl peroxy)-benzene; n-buthyl-4,4-bis (tert-butyl-peroxy)-valerate; 2,2-bis (tert-butyl- 
peroxy)-butane, 1,1-bis (tert-butyl-peroxy)-cyclohexane; 1,1-bis (tert-butyl-peroxy)-3,3,5- trimethytcyclohexane; tert- 
butyl peroxy benzoate; benzoyl peroxide; tert-butyl peroxy acetate; 2,5-dimethyl-2,5-bis (tert-butyl-peroxy)-hexyne-3; 
1,1-bis (tert-butyl-peroxy)-3,3,5-trimethylcyclohexane; 1,1-bis (tert-butyl-peroxy)-cyclohexane; methyl ethyl ketone 
peroxide; 2,5-dimethylhexyl-2,5-bis-peroxy-benzoate; tert-butyl-hydroperoxide; p-menthane hydroperoxide; p- 
chlorbenzoyl peroxide; tert-butyl peroxytsobutyrate; hydroxyheptyl peroxide; and chlorohexanon peroxide. These are 
used alone or in mixed state, normally less than 5 parts by weight, preferably from 0.5 to 5.0 parts by weight perl 00 
parts by weight of EVA. 

The organic peroxide is normally mixed to the EVA by an extruder or a roll mill or may be added to the EVA sheet 
by means of impregnation by dissolving the peroxide into organic solvent, plasticizer, or vinyl monomer. 

In order to improve the properties (such as mechanical strength, optical property, adhesive property, weatherability, 
blushing resistance, and crosslinking speed) of the EVA, a compound containing one selected from acryloxy group or 
methacryloxy group and one selected from allyl group may be added into the EVA. Such a compound used for this 
purpose is usually acrylic acid or methacrylic acid derivative, for example, ester or amide thereof. Examples of ester 
residues include alkyi group such as methyl, ethyl, dodecyl, stearyl, and lauryl and, besides such alkyi group, cycloxy- 
hexyl group, tetrahydrofurfuryl group, aminoethyl group, 2-hydroethyl 3-hydroxypropyl group, and 3-chloro-2-hydrox- 
ypropyl group. Ester with polylunctional alcohol such as ethylene glycol, triethylene glycol, polyethylene glycol, trimeth- 
ylolpropane, or pentaerythritol may be also employed. The typical one of such amide is diacetone acrylamide. 

More concretely examples includes compounds containing polyfunctional ester such as acrylic ester or methacr- 
ylate such as trimethylolpropane, pentaerythritol and glycerin, or allyl group such as triallyl cyanurate, triallyl isocya- 
nurate, diallyl phthalate, dialiyi isophthalate, and diallyl maleate. These are used alone or in the mixed state, normally 
from 0.1 to 2 parts by weight, preferably from O S to 5 parts by weight perl 00 parts by weight of EVA. 

When the EVA is crosslinked by light, photosensitizer is used instead of the above peroxide, normally less than 5 
parts by weight, preferably from 0.1 to 5.0 parts by weight per 100 parts by weight of EVA . 

In this case, examples of available photosensitizer include benzoin; benzophenone; benzoin methyl ether; benzoin 
ethyl ether; benzoin isopropyl ether; benzoin isobutyl ether; dibenzyl; 5- nitroaniline; hexachlorocyclopentadiene; p- 
nitrodiphenyl; p-nitroaniline; 2,4,6- trinitroaniline; 1,2- benzanthraquinone; and 3-methyl-1,3-diazo-1.9-benzanthrone. 
These can be used either alone or in the mixed state. 

In this case, silane coupling agent is further used as adhesive accelerator Examples of the silane coupling agent 
include vinyttriethoxysilane, vinyl-tris 0-methoxyethoxy) silane, y-methacryloxypropyl trinriethoxy silane, vinyltriacetoxy 
silane, y-glycidoxypropyllrimetoxysilane, y-glycidoxypropyltrietoxysilane, P-(3,4-epoxycyclohexyl) ethyl trimethoxy si- 
lane, y-chloropropyl methoxy silane, vinyltrichlorosilane, y-mercaptopropyl trimethoxy silane, Y-aminopropyl triethoxy 
silane, and N- (p-aminoethyl)-Y-aminopropyl trimethoxy silane. 

These are used alone or in the mixed state, normally from 0.001 to 10 parts by weight, preferably from 0.001 to 5 
parts by weight perl 00 parts by weight of EVA . 

The EVA adhesive laver may further include, in small amounts, ultraviolet absorbing agent, infrared absorbing 
agent, antioxidant, paint processing aid, and/or coloring agent. If necessary, the EVA adhesive layer may still further 
include, in small amounts, filler such as hydrophobic silica and calcium carbonate. 

It is also effective that an adhesive sheet made of the EVA is surfaced by corona discharge process, low temper- 
ature plasma process, electron beam irradiation process, or ultraviolet irradiation process as measures of improving 
the adhesive property. 

The EVA adhesive sheet is made by first mixing the EVA, the conductive particles, and the additives listed above, 
kneading them by an extruder or a roll, and after that, forming in a predetermined configuration by means of a film 
forming method such as calendering, rolling, T-die extrusion, or inflation. During the film formation, embossing is pro- 
vided for preventing the blocking between sheets and facilitating the deaerating during compressed onto the transparent 
base plates. 

In the electromagnetic-wave shielding and light transmitting plate of the first aspect, the adhesive layer includes 
the conductive particles so as to have itself the electromagnetic-wave shielding efficiency, thereby allowing th elimi- 
nation of the conductive mesh member used in the conventional one. However, this does not mean tfiat the conductiv 
mesh member must not be used in combination with the conductive panicles. 

Forming the conductive mesh m mber to have such a mesh size as to avoid the visibility loss due to the moir^ 
phenomenon and compensating shortage of the electromagnetic-wave shielding efficiency by the conductive particles 
can provide excellent electromagnetic-wave shielding efficiency. 
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The conductive mesh member is preferably made o1 metal wire such as stainless steel wire or polyester or nylon 
wire which is applied with conductive material by plating, coating, or impregnation, the wire diameter being in a range 
from 10 to 500 ^m, and preferably has an open area ratio(the ratio of opening areas relative to the projected area of 
the mesh member) in a rang from 20 to 98 %. 
s The electromagnetic-wave shielding and light transmitting plate including the conductive mesh member can be 

formed by sandwiching the conductive mesh member between two EVA adhesive sheets, at least one of which contains 
the conductive particles, then interposing them between two transparent base plates, and integrally bonding them. 
Thus, the conductive mesh member does not make the manufacturing complex. 

The electromagnetic-wave shielding and light transmitting plate of the present invention can be effectively used 
10 as a front filter for a PDP or as windows of a place where precision apparatus is installed, such as a hospital or an 
institute. 

Figs. 2a, 2b are schematic sectional views showing embodiments of an electromagnetic-wave shielding and light 
transmitting plate of the second aspect. Figs. 3a through 3f are plan views showing examples of etching patterns. 

An electromagnetic-wave shielding and lighttransmitting plate 11 shown in Fig. 2a comprises two transparent base 
'5 plates 12A, 12B, a metallic foil 13 as a conductive foil, and adhesive layers 14A, 14B and is formed by sandwiching 
the metallic foil 1 3 between the adhesive layers 14A and 14B, interposing them between the transparent base plates 
12A and 128, and by integrally bonding them. 

An electromagnetic-wrave shielding and light transmitting plate 11 A shown in Fig. 2b comprises a transparent base 
plate 1 2, a metallic foil 1 3, and an adhesive layer 1 4 and is formed by bonding the metallic foil 1 3 to the adhesive layer 
20 14 on one surface of the transparent base plate 12. 

The material of the transparent base plates 12A, 128 may be the same as used in the transparent base plates of 
the first aspect. 

The thicknesses of the transparent base plates 2A, 2B are suitably determined in accordance with requirements 
(e. g. strength, light weight) due to the application of a plate to be obtained and are nomnally in a range from 0.05 to 5 mm. 
25 The transparent base plates 12A, 12B are not necessarily made of the same material. For example, in a case of 

a PDP front filter of which only the front surface is required to have scratch resistance and durability, the transparent 
base plate 1 2A as the front surface may consist of a glass plate having a thickness of 1 .0 to 4.0 mm and the transparent 
base plate 1 2B as the rear surface may consist of a PET board having a thickness of 0.05 to 0.3 mm. 

The transparent base plate 12A as the front surface may be processed by hard coating with silicone oxide, soil 
30 resistant finish with polyvinylidene fluoride paint, AR (anti-reflection) coating with laminated layers of silicone dioxide 
layer and titanium dioxide layer, and/or anti- glare finish by hard coating including light-scattering agent or hard coating 
forming convexoconcaves to improve its function. On the other hand, the transparent base plate 1 28 as the rear surface 
may be processed by heat ray reflection coating with zinc oxide and silver film to improve its functbn. 

In the structure shown in Fig. 2b, the transparent base plate 12 may be the same as the transparent base plate 
35 12A as the front surface. 

Examples of metal of the metallic foil include copper, stainless steel, aluminum, nickel, iron, brass, or alloy thereof. 
Preferably selected from the above are copper, stainless steel, and aluminum. 

It is not preferable that the metallic foil is too thin in view of the handling and the working of pattern etching and it 
is also not preferable that the metallic foil is too thick because it affects the thickness of the electromagnetic-wave 
40 shielding and light transmitting plate to be obtained and makes a time period for etching process longer Therefore, 
the thickness of the metallic foil is preferably in a range from 1 to 200 )im. 

A method of pattern etching such a metal may be any one of commonly used methods and is preferably a pho- 
toetching using a resist. In this case, a resist pattern is formed by first coating the metallic foil with the photo-resist, 
exposing a pattern using a desired mask, and then developing the pattern. After that, metallic foil excepting places 
4S where the resist exists is removed by etchant such as ferric chloride. 

The use of pattern etching can provide a high degree of freedom for pattem so that the metallic foil can be etched 
in any line width, space, and opening configuration, thereby preventing the moir6 phenomenon, and allowing easy 
formation of an electromagnetic-wave shielding and light transmitting plate having desired electronr>agnetic-wave 
shielding efficiency and light transparency 
so in the second aspect, the configuration of etching pattern of the metallic foil is not particularly limited. Examples 

include metallic foils 1 3A, 1 3B each formed in a lattice arrangement having rectangular openings M as shown in Figs. 
3a, 3b and metallic foils 1 3C, 13D, 1 3E, 13F each formed in a punching metal-like arrangement having circular, hex- 
agon, triangl , or lliptical op nings M as shown in Figs. 3c, 3d, 3e and 3f. B skies the arrangements in wrhich the 
openings M are regularly ananged, an arrangement in which openings M are randomly arranged may be used to 
ss prevent the moir6 phenomenon. 

In order to ensure the electromagnetic-wave shi Iding efficiency and the light transparency, the ratio of opening 
areas of th metallic foil r lative to th projected area of the metallic foil (h reinafter, referr d to as " open area ratio") 
is preferably in a range from 20 to 90 %. 



9 



EP 0 887 834 A2 



When the metallic loll is design d to have a greater open area ratio in order to improve the light transparency, a 
transparent conductive layer may be formed onto the transparent bas plate 1 2A or 1 2B, or the transparent base plate 
12 to compensate a shortage of electromagnetic-wave shielding efficiency. 

The resin of adhesive layers 1 4A, 1 4B, 1 4 for bonding such metallic foil 1 3 onto the transparent base plates 1 2A, 
s 1 2B, 1 2 may be the same as the resin of the adhesive layer 3 of the first aspect. 

The electromagnetic-wave shielding and light transmitting plate 1 of Fig. 2a can be easily made by sandwiching 
the pattern-etched metallic foil 13 between two adhesive films, in which crosslinking agent for heat curing or photo- 
curing are mixed to a copolymer of ethylene series such as EVA, interposing them between the transparent base plates 
1 2A and 1 28, then decompressing and deaerating them under the heated condition, and hardening the adhesive layer 
10 by heating or irradiation to integrate them 

The electromagnetic-wave shielding and light transmitting plate 11 A of Fig. 2b can be easily made by pilling up 
the transparent base plate 1 2, such adhesive film 1 4 as mentioned above, and the pattern-etched metallic foil 1 3, and 
hardening them to integrate them in the same manner as mentbned above. 

The thickness of each adhesive layer 14A, 148, 14 can vary according to the application of the electromagnetic- 
'S wave shielding and light transmitting plate and is nonmally between 0.05 and 1 .0 mm. Therefore, the adhesive film is 
formed to have a thickness from 0.05 to 1.0 mm to n^ke an adhesive layer having such a thickness. 

In the second aspect, the adhesive layer in which EVA is used as the copolymer of ethylene series is preferably 
the same as the adhesive layer of the first aspect but not including the conductive particles. 

The EVA adhesive film is made by first mixing the EVA and the additives, kneading them by an extruder or a roll, 
20 and after that, forming in a predetermined sheet configuration by means of a film fonning method such as calendering, 
rolling, T-die extrusion, or inflation. During the film formation, embossing is provided for preventing the blocking and 
facilitating the deaerating during compressed onto the transparent base plates. 

Fig. 4 is a schematic sectional view showing an embodiment of an electromagnetic-wave shielding and light trans- 
mitting plate of the third aspect. 
25 The electromagnetic-wave shielding and light transmitting plate 41 of Fig. 4 comprises two transparent base plates 

42A, 428 and an adhesive layer 44 bonding them as an integral member. The transparent base plate 42A, one of the 
transparent base plates 42A; 428, is provided with a pattern-etched metallic film 43 on a surface thereof at the adhesive 
layer 44 side. 

The material for the transparent base plates 42A, 42B may be the same as used for the transparent base plates 
30 of the first aspect. 

The thicknesses of the transparent base plates 42A, 428 are suitably determined in accordance with requirements 
(e. g. strength, light weight) due to the application of a plate to be obtained and are normally in a range from 0.05 to 5 mm. 

The transparent base plates 42A, 428 are not necessarily made of the same material. For example, in a case of 
a PDF front filter of which only the front surface is required to have scratch resistance and durability the transparent 
3S base plate 42A as the front surface may consist of a glass plate having a thickness of 1 .0 to 4.0 mm and the transparent 
base plate 42B as the rear surface may consist of a PET board having a thickness of 0.05 to 0.3 mm. 

The transparent base plate 42A as the front surface may be processed by hard coating with silicone oxide, soil 
resistant finish with polyvinylidene fluoride paint, AR (anti-reflection) coating with laminated layers of silicone dioxide 
layer and titanium dioxide layer, and/or anli- glare finish by hard coating including light-scattering agent or hard coating 
40 forming convexoconcaves to improve its function. On the other hand, the transparent base plate 42B as the rear surface 
may be processed by heat ray reflection coating with zinc oxide and silver film to improve its function. 

Examples of metal of the metallic film include copper, stainless steel, chrome, aluminum, nickel, iron, brass, or 
alloy thereof. Preferably selected from the above are copper, stainless steel, aluminum, and chrome. 

Such a metallic film may be fonned on the transparent base plate by one of methods including electroless plating, 
^ vacuum evaporation, sputtering, and chemical vapor phase evaporation. 

It is not preferable that the metallic film is too thin because it reduces the electromagnetic-wave shielding efficiency 
and it is also not preferable that the metallic film is too thick because it affects the thickness of the electromagnetic- 
wave shielding and light transmitting plate to be obtained and makes a time period for etching process longer. Therefore, 
the thickness of the metallic film is preferably in a range from 0.01 to 50 urn. 
so A method of pattern etching such a metal film may be any one of commonly used methods and is preferably a 

photoetching using a resist. In this case, a resist pattern is formed by first coating the metallic foil with the photo-resist, 
exposing a pattern using a desired mask, and then developing the pattern. After that, metallic foil excepting places 
where the r sist exists is removed by etchant such as ferric chloride. 

The us of pattern tching can provide a high degree of freedom for pattem so that the metallic film can be etched 
SB in any line width, space, and opening configuration, thereby allowing easy formation of an electromagnetic-wave shield- 
ing and light transmitting plate which never cause rnoir& phenomenon and has desired el ctromagn tic-wave shielding 
efficiency and light transparency. 

The configuration of etching pattem of the metallic film is not particularly limited and the patterns as shown in Fig. 
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electromagnetic-wave shielding efficiency. tran-^oarent base olate 42A in Fig. 4, the metallic 

'*,lC:.oMrL.p,«n, baaa p«.es 52A, 52B ™y be ,hs san,e used ,o, ,h, vansparen, ba« p,a,« 

Of the first through third aspects suitably determined in accordance with requirements 

The thicknesses of the transparent base plates 52A ^f^^J^^"'^^^^^ in a range from 0.05 to 5 mm. 

resistant finish with polyvinylidene fluoride paint, AR (anti ^^^^"l^ liaht-scattering agent or hard coating 

layer and titanium dioxide layer, and/or anti- glare finish ''V ^f^*? ^°^^3"'^3^^^^^^^^^ as the rear surface 

ink ilt prinTng or electrostatic printing, wrth conductive ink such as the following i) or „). 
,Oa.onb.c.panic,es,orparti.esofme.,su.asc^^ 

Size is 100 urn or less, with binder resin of P'^'^^; P°^7' ^^^'^^^ to 90 % by weight. Such ink is 

dispersed in the binder resin such that the ^^^^^^^^''^^l^^^^^^ suitable concentration, then 

n)"eTrctrv;Sn^.esastheabov^ 

surface by the I ctrostatic printing and fixed by heating or the like. 

■ :Lrar;^rrCr»JU.— ™,c,a.,ba,«c. .o..ap*«.,ava- 
'''■t'?ir,::Z»rpX-n7ovideab,hdsa,aao,,,eed.^.o,pa«..so,ha,,haco^^ 
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be obtained in any line width, space, and opening configuration, th reby allowing easy formation of an electromagnetic- 
wave shielding and light transmitting plate which never cause moire phenomenon and has desired electromagnetic- 
wave shielding efficiency and light transparency. 

In the fourth aspect, the configuration of pattern printing of the conductive layer is not particularly limited and the 
5 patterns as shown in Fig. 3 may be employed. 

In order to ensure the electromagnetic-wave shielding efficiency and the light transparency, the ratio of opening 
areas of the conductive layer relative to the projected area of the printed layer (hereinafter, referred to as ' open area 
ratio") is preferably in a range from 20 to 90 %. 

When the conductive layer is designed to have a greater open area ratio in order to improve the light transparency, 
'0 a transparent conductive layer may be formed onto the transparent base plate 52A or 52B to compensate a shortage 
of electromagnetic-wave shielding efficiency of the printed layer. 

The resin of adhesive layer 54 for bonding the transparent base plates 52A, 52B may be the same as the resin of 
the adhesive layer 3 of the first aspect. 

The electromagnetic-wave shielding and light transmitting plate 51 of Fig. 5 can be easily made by using the 
transparent base plate 52A onto which, interposing the adhesive film, in which crossllnking agent tor heat curing or 
photo-curing are mixed to a copolymer of ethylene series such as EVA between the transparent base plates 52A and 
52B, wherein the conductive layer 53 is previously tonrted onto the transparent base plate 52A by the pattern printing, 
then decompressing and deaerating them under the heated condition, and hardening the adhesive layer by heating or 
irradiation to integrate them. 

20 The thickness of the adhesive layer 54 can vary according to the application of the electromagnetic-wave shielding 

and light transmitting plate and is normally between 0.05 and 1 .0 mm. Therefore, the adhesive film Is formed to have 
a thickness from 0.05 to 1 .0 mm to make an adhesive layer having such a thickness. 

In the fourth aspect, the adhesive layer in which EVA is used as the copolymer of ethylene series is preferably the 
same as the adhesive layer of the second and third aspects 

2S Fig. 6a is a schematic sectional view showing an emlxxliment of an electromagnetic-wave shielding and light 

transmitting plate of the fifth aspect and Fig. 6b is an enlarged view of a part 608 of Fig. 6a. 

The electromagnetic-wave shielding and light transmitting plate 61 of Fig. 6a comprises two transparent base 
plates 62A, 62B, a conductive mesh member 63 interposed between the transparent base plates 62A and 62B, and 
adhesive layers 64 disposed between each transparent base plate 62A, 62B and the conductive mesh member 63 to 

30 bond them as an Integral member The transparent base plate 62A is provided with an antlreflection film 65, which is 
a laminated film of a high-refractive transparent film 65A and a low-refractive transparent film 65B, on a surface thereof 
to be located at the opposite side of the electromagnetic wave source, i.e. an outer surface when the plate 61 is used 
as a front filter for a PDR 

The material for the transparent base plates 62A, 62B may be the same as used for the transparent base plates 
3S of the first through fourth aspects. 

The thicknesses of the transparent base plates 62A, 62B are suitably determined in accordance with requirements 
(e.g. strength, light weight) due to the application of a plate to be obtained and are normally in a range from 0. 1 to 1 0 mm. 

The transparent base plates 62A, 62B are not necessarily made of the same material. For example, in a case of 
a PDP front filter of which only the front surface is required to have scratch resistance and durability, the transparent 
40 base plate 62A as the front surface may consist of a glass plate having a thickness of 0. 1 to 1 0 mm and the transparent 
base plate 62B as the rear surface may consist of a PET film or PET board, an acrylic film or acrylic board, or a 
polycarbonate film or polycarbonate board, of which thickness is in a range from 1 jxm to 10 mm. 

The antireflection film 65 formed on the front surface of the transparent base plate 62A is a laminated film of the 
high-refractive transparent film 65A and the tow-refractive transparent film 65B. In the illustrated embodiment, the 
45 antireflection film 65 is a multi-layer film consisting of two high-refractive transparent films 65A and two low-refractive 
transparent films 65B which are altemately laminated, i.e. four films , the sequence being first the high-refractive trans- 
parent film 65A, then the low-refractive transparent film 658, the high-refractive transparent film 65A, and finally the 
low-refractive transparent film 65B. Besides such a structure as the illustrated embodiment, the antireflection film 65 
may be as follows: 

so 

(a) a laminated film consisting of a high -refractive transparent film and a low-refractive transparent film, i.e. two 
films in amount, 

(b) a laminated film consisting of a m dium-refractive transparent film, a high-refractiv transparent film, and a 
low-refractive transpar ntfilm, i.e.threefilmsinamount.th sequence being first them dium-refractive transpar nt 

ss film, then the high-refractive transparent film, and finally the low-refractive transparent film; and 

(c) a laminated film consisting of three high-refractive transpar nt films and thre low-refractive transparent films 
which are altemately laminated, i.e. six films in amount. 
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As the high-refractive transparent film, a film, preferably a transparent conductive film, having a refractive index 
of 1 .8 or more can be made of ZnO, TiOg, SnOg, or ZiO in which ITO (tin indium oxide) or ZnO, Al is doped. On the 
other hand, as the low-refractive transparent film, a film can be made of low-refractive material having a refractive 
index of 1 .6 or less such as SiOg, MgFa, or AI2O3. The ticknesses of the films vary according to the film structure, the 
s film kind, and the central wavelength because the refractive index in a visible-light area is reduced by interference of 
light. In case of four-layer structure, the antireflection film is formed in such a manner lhat the first layer (high-refractive 
transparent film) is from 5 to 50 nm, the second layer (low-refractive transparent film) is from 5 to 50 nm, the third layer 
(high-refractive transparent film) is from 50 to 100 nm, and the fourth layer (low-refractive transparent film) is from 50 
to 150 nm in thickness. 

10 The antireflection film 65 is further formed with an antifoulingfilm66 to improve the fouling resistance of the surface. 

The antifouling film 66 is preferably a fiuorocarbon or silicone film having a thickness in a range from 1 to 1000 nm. 

The transparent base plate 62A as the front surface may be further processed by hard coating with silicone material 
and/or anti- glare finish by hard coating including light-scattering agent. On the other hand, the transparent base plate 
62B as the rear surface may be processed by heat ray reflection coating with a metallic film or a transparent conductive 
IS film to improve its function. 

It is preferable that the conductive mesh member, made of metallic fibers and/or metal-coated organic fibers, to 
be interposed between the transparent base plates 62A and 626 has a wire diameter between 1 and 1 mm and 
an open area ratio between about 50 % and about 90 %. When the wire diameter is more than 1 mm, the open area 
ratio is reduced or the electromagnetic-wave shielding efficiency is reduced and it is impossible to satisfy the both the 
20 open area ratio and the electromagnetic-wave shielding efficiency. When the wire diameter is less than 1 ^m, it reduces 
the strength of the mesh member to make the handling significantly difficult. When the open area ratio is more than 
90 %, it is difficult to maintain the mesh configuration. On the other hand, when the open area ratio is less than 50 %, 
too low light transmitlance is provided so as to reduce the light from the display It is more preferable that the wire 
diameter is between 10 and 500 |im and the open area ratio is between 60 and 90 %. 
25 The ratio of opening areas of the conductive mesh member means the ratio of areas, where the openings occupy, 

relative to the projected area of the conductive mesh member 

Examples of metal of metallic fibers and metal-coated organic fibers constituting the conductive mesh member 
include copper, stainless steel, aluminum, nickel, titanium, tungsten, tin, lead, iron, silver, chrome, carbon, or alloy 
thereof. Preferably selected from the above are copper, stainless steel, and aluminum. 
30 Examples of organic material of the metal-coated organic fibers include polyester, nylon, vinylidene chloride, ar- 

amid, vinvlon , and cellulose. 

The resin of adhesive layer 64 for bonding the transparent base plates 62A, 62B via the conductive mesh member 
63 may be the same as the resin of the adhesive layer 3 of the first aspect. 

The electronnagnetic-wave shielding and light transmitting plate 61 of the fifth aspect can be easily made by inter- 
ns posing two adhesive films, ih which a suitable amount of crosslinking agent for heat curing or photo-curing are mixed 
to a resin such as EVA, and the conductive mesh member which is disposed therebetween, between the transparent 
base plates 62A and 62B, then decompressing and deaerating them under the heated condition, and hardening the 
adhesive layer by heating or irradiation to integrate them. 

The thickness of the adhesive layer formed from the conductive mesh member 63 and the adhesive resins 64 can 
40 vary according to the application of the electromagnetic-wave shielding and light transmitting plate and is nomially 
between 2 jim and 2 mm. Therefore, the adhesive film is formed to have a thickness from 1 nm to 1 mm to make an 
adhesive layer having such a thickness. 

In the fifth aspect, the adhesive layer in which EVA is used as the resin is preferably the same as the adhesive 
layer of the second through lourth aspects. 
45 Fig. 7 is a schematic sectional view showing an embodiment 0I an electromagnetic-wave shielding and light trans- 

mitting plate of the sixth aspect. 

As shown in Fig. 7, the electromagnetic-wave shielding and light transmitting plate 71 of the sixth aspect comprises 
two transparent tase plates 72A, 728, a conductive mesh member 73 interposed between the transparent base plates 
72A and 728 via adhesive resins 74 bonding the transparent base plates and the conductive mesh member as an 
so integral member The transparent base plate 728 is provided with a heat ray reflecting transparent conductive film 75 
on a surface thereof to be located at the electromagnetic wave source side, i.e. an inner surface when the plate 71 to 
be obtained is used as a front filter for a PDP. 

The material for the transparent base plates 72A, 728 may be th same as used for th transparent base plates 
of the first through fifth asp cts. 
ss Th thicknessesof the transparent base plates 72A, 728 are suitably d t rmin d in accordance with requirem nts 

( g.str ngth,lightweight)duetotheapplicatk3nof aplat tob obtainedandarenonmally ina rangefromO.I to 10mm. 

Th transparent base plates 72A, 728 are not necessarily made of the same material. For example, in a case of 
a PDP front filter of which only the front surface is required to have scratch resistance and durability, the transparent 
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base plate 72A as the front surface may consist of a glass plate having a thickness of 0. 1 to 1 0 mm and the transparent 
bas plate 72B as the rear surface nnay consist of a PET film or PET board, an acrylic film or acrylic board, or a 
polycarbonate film or polycarbonate board, of which thickness is in a range from 1 ^m to 10 mm. 

The heat ray reflecting transparent conductive film 75 formed on the surface of the transparent tjase plate 72B 
5 may be made of ZnO or SnOg in which ITO (tin indium oxide) or ZnO, Al is doped. The film may be a heal ray reflecting 
film which is thinly coated with a metallic film of silver or copper to have visible light transparency and which can reflect 
infrared light. The thicknesses of the film vary according to the electromagnetic-wave shielding efficiency, the light 
transparency, and the adiathermancy to be required. Normally, the thickness is preferably in a range from 10 A to 5 
urn in case of the metallic oxide film or in a range from 5 A to 3,000 A in the metallic film. 
'0 The transparent base plate 72A as the front surface may be further processed by hard coating with silicone material 

and/or anti- glare finish by hard coating including light-scattering agent to improve its function. 

The conductive mesh member interposed between the transparent base plates 72A and 72B may be the same as 
used in the fifth aspect. 

The resin of adhesive layer 74 for bonding the transparent base plates 72A, 728 via the conductive mesh member 
'5 73 may be the same as the resin of the adhesive layer 3 of the first aspect. 

The electromagnetic-wave shielding and light transmitting plate of the sixth aspect can be easily made by inter- 
posing two adhesive films, in which a suitable amount of crosslinking agent (or heat curing or photo-curing are mixed 
to a resin such as EVA, and the conductive mesh member which is disposed therebetween, between the transparent 
base plate 72A and the transparent base plate 72B which is previously fonmed with the transparent conductive film 75, 
20 then decompressing and deaerating them under the heated condition, and hardening the adhesive layer by heating or 
irradiation to integrate them. 

The thickness of the adhesive layer fonmed from the conductive mesh member 73 and the adhesive resins 74 may 
be the same as that of the fifth aspect. 

in the sixth aspect, the adhesive layer in which EVA is used as the resin is preferably the same as the adhesive 
2S layer of the second through fifth aspects. 

Figs. 8a, 8b, 8c are schematic sectional views showing embodiments of the electromagnetic-wave shielding and 
light transmitting plate of the seventh aspect. 

The electromagnetic-wave shielding and light transmitting plate 81 of Fig. 8a comprises two transparent base 
plates 82A, 82B, a conductive mesh member 83 interposed between the transparent base plates 82A and 828 via 
30 adhesive resins 84 binding the transparent base plates and the conductive mesh member as an integral member The 
transparent base plate 82A is provided with a transparent conductive film 85 on a surface thereof to be located at the 
opposite side of the electromagnetic wave source, i.e. the outer surface when the plate 81 is used as a front filter for 
a PDP. 

The electromagnetic-wave shielding and light transmitting plate 81 A of Fig. 8b comprises two transparent base 
35 plates 82A: 82B, a conductive mesh member 83 interposed between the transparent base plates 82A and 82B via 
adhesive resins 84 txinding the transparent base plates and the conductive mesh member as an integral member The 
transparent base plate 82A located at the opposite side of the electromagnetic wave source is provided with a trans- 
parent conductive film 85 on a surface thereof facing the adhesive resin. 

The electromagnetic-wave shielding and light transmitting plate 81 B of Fig. 8c comprises two transparent base 
40 plates 82A, 828, a conductive mesh member 83 interposed between the transparent base plates 82A and 828 via 
adhesive resins 84 bonding the transparent base plates and the conductive mesh member as an integral member. The 
transparent base plate 82B located at the electromagnetic wave source side is provided with a transparent conductive 
film 85 on a surface thereof facing the adhesive resin. 

Such a transparent conductive film 85 may be provided on the outer surface (at the electromagnetic wave source 
45 side) of the transparent base plate 82B, but not illustrated. 

Transparent conductive films 85 may be provided on two or more of the aforementioned surfaces of the transparent 
base plates 82A, 82B, respectively. 

The material for the transparent base plates 82A, 82B may be the same as used for the transparent base plates 
of the first through sixth aspects, 
so The thicknesses of the transparent base plates 82A, 828 are suitably determined in accordance with requirements 

(e.g. strength, light weight) due to the application of a plate to be obtained and are normally in a range from 0. 1 to 1 0 mm. 

The transparent base plates 82A, 82B are not necessarily made ot the same material. For example, in a case of 
a PDP front filter of which only the front surface is required to have scratch r sistanc and durability, the transparent 
bas plate 82A as the front surf ac may consist of a glass plat having a thickness of 0. 1 to 1 0 mm and the transparent 
ss base plat 82B as the rear surface nr«y consist of a PET film or PET board, an acrylic film or acrylic board, or a 
polycart>onate film or polycarbonate board, of which thickness is in a range from 1 |im to 10 mm. 

The transparent conductive film 85 may be the same as the transparent conductive film 75 of the sixth aspect. 

For the electromagnetic-wave shielding and light transmitting plate of the seventh aspect, the transparent base 
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plat 82A as the front surface may be further processed by hard coating with silicone material and/or anti- glare finish 
by hard coating including light-scattering agent. The transparent base plate 62B as the rear surface may be surfaced 
by heat ray reflecting coating of ITO, ZnO, or silver to improve its function. 

The conductive mesh member interposed between the transparent base plates 62A and 62B may be the same as 
5 used in the fifth aspect. 

The resin of adhesive layer 84 for bonding the transparent base plates 82A, 82B via the conductive mesh member 
83 may be the same as used in the first aspect. 

The electromagnetic-wave shielding and light transmitting plate of the seventh aspect can be easily made by 
previously forming the transparent conductive film 85 on a place or places of the transparent base plates 82A, 828 as 
10 needed, interposing two adhesive films, in which a suitable amount of crosslinking agent for heat curing or photo<uring 
are mixed to a resin such as EVA, and the conductive mesh member which is disposed therebetween, between the 
transparent base plates 82A and 828, then decompressing and deaerating them under the heated condition, and 
hardening the adhesive layer by heating or irradiation to integrate them. 

The thickness of the adhesive layer fomned from the conductive mesh member 83 and the adhesive resins 84 may 
IS be the same as that of the fifth aspect. 

In the seventh aspect, the adhesive layer in which EVA is used as the resin is the same as the adhesive layer of 
the second through sixth aspects. 

Fig. 9 is a schematic sectional view showing an embodiment of an electromagnetic-wave shielding and light trans- 
mitting plate of a eighth aspect and Fig. 10 is an enlarged schematic view showing fibers of a composite mesh member 
20 As shown in Fig. 9, the eleclromagnelic-wave shielding and light transmitting plate 91 of the eighth aspect com- 

prises two transparent base plates 92A, 92B, a conductive mesh member 93 interposed between the transparent base 
plates 92A and 928 via adhesive resins 94 bonding the transparent base plates and the conductive mesh member as 
an integral member. 

The material for the transparent base plates 92A, 92B may be the same as used for the transparent base plates 
25 of the first through seventh aspects. 

The thicknesses of the transparent base plates 92A, 928 are suitably determined in accordance with requirements 
(e. g. strength, light weight) due to the application of a plate to be obtained and are nonmally in a range from 0. 1 to 1 0 mm. 

The transparent base plates 92A, 92B are not necessarily made of the same material. For example, in a case of 
a PDP front filter of which only the front surface is required to have scratch resistance and durability the transparent 
30 base plate 92A as the front surface may consist of a glass plate having a thickness of 0. 1 to 1 0 mm and the transparent 
base plate 92B as the rear surface may consist of a PET film or PET board, an acrylic film or acrylic board, or a 
polycarbonate film or polycarbonate board, of which thickness is in a range from 1 ^m to 1 mm. 

The transparent base plate 92A as the front surface may befurther processed by hard coating with silicone material, 
soil resistant finish with fluoride material, AR (anti-reflection) coating with laminated layers of dioxide layer, and/or anti- 
cs glare finish by hard coating including light-scattering agent to improve its function. The transparent base plate 928 as 
the rear surface may be surfaced by heat ray reflecting coating of ITO, ZnO, or silver to improve its function. 

Either one or both of the transparent base plates 92A and transparent base plate 928 may be formed with a 
transparent conductive film. In this case, the transparent conductive film compensates the electromagnetic-wave 
shielding efficiency of the conductive mesh member described later so as to provide the improved electromagnetic- 
40 wave shielding efficiency. 

The transparent conductive film formed on the transparent base plates 92A, 928 is preferably a thin film made of 
ITO (tin indium oxide) or ZnO and having a thickness in a range of 0.01 to 1 ^m. 

The following are examples of the conductive mesh member to be interposed between the transparent base plates 
92A and 926 in this aspect. 

45 

I A conductive mesh member made of metallic fibers and having a wire diameter between 1 and 200 \m\ and an 
open area ratio between 30 and 99.9 %. 

As for this conductive mesh member a reduced open area ratio is provided when the wire diameter is more 
than 200 nm, the configuration can not be maintained when the wire diameter is less than 1 (im with a small mesh 
so size, and a reduced open area ratio is also provided when the wire diameter is less than 1 with a large mesh 

size. No shielding efficiency is provided when the open area ratio is 100 %, and the luminance from an emitter 
such as a CRT is reduced when the open area ratio is less than 30 %. It is preferable that the wire diameter is 
between 5 and 100 urn and the open area ratio is betw en 40 and 90 %. 

II. A conductiv m sh member nriade of metallic fibers and having a wire diameter between 1 and 200 and an 
ss op n area ratio betw en 30 and 99.9 %. 

As for this conductive mesh member a reduced open area ratio is provided when the wir diameter is more 
than 200 ^m, the configuration can not be maintained wrtien the wir diamet r is less than 1 [wn with a small mesh 
size, and a reduced open area ratio is also provided when the wire diameter is less than 1 ^m with a large mesh 
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size. No shielding efficiency is provided when the op n area ratio is 100 %, and the luminance from an emitter 
such as a CRT is reduced when the open area ratio is less than 30 %. It is preferable that the wire diam tar is 
between 5 and 100 |im and the open area ratio is between 40 and SO %. 

III. A conductive composite mesh member in which metallic fibers and/or metal-coated organic fibers and organic 
s fibers are woven. 

As for this conductive mesh member a reduced open area ratio is provided when tfie wire diameter is more 
than 200 \im, the configuration can not be maintained when the wire diameter is less than 1 ^m with a small mesh 
size, and a reduced open area ratio is also provided when the wire diameter is less than 1 ^m with a large mesh 
size. It is preferable that the wire diameter is between 1 and 200 \ut\ and more preferable that it is between 5 and 
10 100 nm. No sfiielding efficiency is provided when the open area ratio is 100 %, and the luminance from an emitter 

such as a CRT is reduced when the open area ratio is less than 30 %. It is preferable that the open area ratio is 
between 30 and 99.9 % and more preferable that it is between 40 and 90 %. 

The metallic fibers constituting the conductive mesh member used in the above I and II and the metal-coated 
'5 organic fibers constituting the conductive mesh member used in the above II and III are the same as used in thje fifth 
through seventh aspects. 

The ratio of tlie metallic fibers and/or the metal-coated fibers and the organic fibers is preferably, Metallic fibers 
and/or Metal-coated fibers : Organic fibers = 1:1-1:10 (ratio by the nunnber of fibers). 

Therefore, the conductive composite mesh member is formed by weaving the metallic fibers and/or the metal- 
so coated fibers and the organic fibers at the above ratio in such a manner that these fibers are dispersed uniformly 

Following are examples of fiber patterns of the conductive composite mesh member 95 and will be described with 
reference to Fig. 1 0. 

(i) a,, 83, ... a2n,+i and b,, b^, ... bg^+i = Metallic fibers and/or Metal-coated fibers, 
2S 84, ... and b2, b4, ... = Organic fibers; 

(ii) a,, 84, ... a3n,^i and b,, b4, ... b^^.^^ = Organic fibers, 
others = Metallic fibers and/or Metal-coated fitters; and 

(iii) a,, 84, ... a3n,+T and b,, b4, ... b3„^, = Metallic fibers and/or Metal-coated fibers, 
others = Organic fibers. 

30 

The resin 94 of adhesive layer for bonding the transparent base plates 92A, 926 via the conductive mesh member 
93 may be the same as the resin of the adhesive layer 3 of the first aspect. 

The electromagnetic-wave shielding and light transmitting plate of the eighth aspect can be easily made by inter- 
posing two adhesive films, in which a suitable amount of crosslinking agent for heat curing or photo-curing are mixed 
35 to a resin such as EVA, and the conductive mesh member which is disposed therebetween, between the transparent 
base plates 92A and 92B, then decompressing and deaerating them under the heated condition, and hardening the 
adhesive layer by heating or irradiation to integrate them. 

The thickness of the adhesive layer formed from the conductive mesh member 93 and the adhesive resins 94 may 
be the same as that of the fifth aspect. 
40 In the eighth aspect, the adhesive layer in which EVA is used as the resin is preferably the same as the adhesive 

layer of the second through seventh aspects. 

Examples 

4S Hereinafter, the first aspect will be more concretely described by means of examples and comparative examples. 
Adhesive sheets used in the examples and comparative examples were made as follows. 

Adhesive Sheet 

so Each adhesive sheet was made in such a way that 1 part by weight of 1,1 -bis (tert-butyl-peroxy)-3,3,5- trimethyl- 

cyclohexane (Peitiexa 3M available from NOP Corporation), 0.1 part by weight of y-methacryloxypropyl trimethoxy 
silane, 2 parts by weight of diallyl phthalate, 0.5 part by weight of Sumisolve (available from Sumitomo Chemical 
Company, Limited.) as ultraviolet absorbing agent, and conductive partici s specified in Table 1 at a ratio specified in 
Table 1 (no conductiv particle in Comparative Examples 1 through 3) were added into and mixed with 100 parts by 

ss weight of ethylene-vinyl acetate copolymer (Ultrasen 634 available from Tosoh Corporation: 26 % content of vinyl 
acetate. Melt index 4) and the resultant mixtur was extruded by a 40 mm extmder so that an adhesive sheet having 
a thickness of 0. 1 mm with the both surfaces being embossed was provided. 
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Exarnples 1 through 4, Comparative Examples t through 3 

Used as the front transparent base plate 2A was a glass plate having a thickness of 3.0 mm and used as the rear 
transparent base plate 2B was a PET sheet having a thickness of 0.1 mm. These plates having an adhesive sheet 
5 interposed therebetween were entered into a rubber bag which was then vacuumed to be deaerated and pre-com- 
pressed by healing them at 85 "C for 1 5 minutes. After that, the object thus pre-compressed was entered into an oven 
and heated at 150 "C for 15 minutes so that it is crosslinked and hardened to be integrated. 

in each of Comparative Examples 2, 3 and Examples 3, 4, a conductive mesh member specified in Table 1 was 
further interposed between the transparent base plates before integrated. 
10 The resultant plate were measured for the respective electromagnetic-wave shielding effect in a range between 

30 MHz and 300 MHz, its light transmittance, and its visibility (the presence or absence of moire phenomenon) in the 
following manner. The results are tabulated in Table 1 . ' 

Electromagnetic-wave shielding effect 

JS 

The attenuance of field of each sample was measured using EMI shield measuring equipment available from 
Anrltsu Corporation In contormity with KEC measurement (Kansai Electronic Industrial Promotion Center). The size of 
the sanple was 90 mm %110 mm. 

20 Light transmittance (%) 

The average light transmittance in a range between 380nm and 780 nm was measured using a visible ultraviolet 
spectrophotometer (U-4000) available from Hitachi Ltd. 

25 Visibility 

Each resultant plate was mounted on a display and it was then observed by the human eye whether interference 
fringe appeared on the display. 
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It is apparent from Table 1 that good electromagnetic-wave shielding and light transmitting plates can be provided 
according to the first aspect of the present invention. 

Hereinafter, the second aspect will be more concretely described by means of examples and comparative exam- 
ples. 

s Adhesive films used in the examples and comparative examples were made in the same way of the first aspect. 

Examples 5, 6 

Used as the front transparent base plate 1 2A was a glass plate having a thickness of 3.0 mm and used as the rear 
10 transparent base plate 12B was a PET sheet having a thickness of 0.1 mm. These plates 12A, 12B having a metallic 

film specified in Table 2 interposed between two adhesive sheets interposed between the plates were entered into a 

rubber bag which was then vacuumed to be deaerated and pre-compressed by heating them at 85 *C for 15 minutes. 

After that, the object thus pre-compressed was entered into an oven and heated at 1 50 "C for 1 5 minutes so that it is 

crosslinked and hardened to be integrated. 
IS The resultant plate was measured for its electromagnetic-wave shielding effect in a range between 30 MHz and 

300 l\^Hz, its light transmittance, and its visibility (the presence or absence of moire phenomenon) in the same manner 

as the first aspect. The results are tabulated in Table 2. 

Comparative'Examples 4 through 6 

20 

Electromagnetic-wave shielding and light transmitting plates were made in the same manner as Example 5 but 
not using such a pattern-etched metallic foil or using a metal mesh specified in Table 3 instead of such a metallic foil. 
The characteristics were measured in the same manner and the results are tabulated in Table 3. 
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Pattern-etched Metallic Film 


Details of Pattern 
Configuration 


Thickness : 100 1< m 
Line Width : 0.2nim 
Pitch 2 Onini 
Open Area Ratio : 83% 


Thickness : 100 ^( m 
Line Width : 0.2mni 
Aside of Hexagon : 1,0mm 
Open Area Ratio : 80% 


Pattern 
Configuration 


Configuration 
shown in 
Fig. 3a 


Configuration 
shown in 
Fig.3d 


Metal 


Copper 


Stainless 
Steel 


Examples 


Example 5 


Example 6 
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[Table 3] 



5 


Examples 


Conductive 
Mesh Member 


Electromagnetic Shi Idtng Efficiency (dB) 


Ught 
Transmittance 


Visibility 








30MHz 


100MHz 


300MHz 






10 
15 


Comparative 
Example 4 


None 


24 


14 


3 


92 


Good 


Comparative 
Example 5 


Stainless Steel 
Mesh #17 Wire 

Diameter : 
0.14mm Open 

Area Ratio : 
82% 


43 


33 


23 


80 


Good 


20 


Comparative 
Example 6 


Stainless Steel 
Mesh#165Wire 

Diameter : 
0.05mm Open 
Area Ratio : 
46% 


63 


62 


57 


45 


Bad (moire) 



It is apparent from Table and Table 3 that good electromagnetic-wave shielding and light transmitting plates can 
be provided according to the second aspect. 

Hereinafter, the third aspect will be rrrare concretely described by means of examples and comparative examples. 
Adhesive films used in the examples and comparative examples were made in the same way of the first aspect. 



Examples 7, 8 

Used as the front transparent base plate 42A was a glass plate having a thickness of 3.0 mm which was formed 
with a metallic film of metal specified in Table 4 on one surface thereof and then pattern etched in pattems specified 
in Table 4. Used as the rear transparent base plate 428 was a PET sheet having a thickness of 0.1 mm. These plates 
42A, 428 having an adhesive film interposed therebetween were entered into a rubber bag which was then vacuumed 
to be deaerated and pre-compressed by heating them at 85 "C for 15 minutes After that, the object thus pre-com- 
pressed was entered into an oven and heated at 1 50 °C for 1 5 minutes so that it is crosslinked and hardened to be 
integrated. 

The resultant plate was measured for Its electromagnetic-wave shielding effect in a range between 30 MHz and 
300 MHz, its light transmittance, and its visibility (the presence or absence of moire phenomenon) in the same manner 
as the first aspect. The results are tabulated in Table 4. 

Comparative Example 7 

An electromagnetic -wave shielding and light transmitting plate was made in the same manner as Example 7 but 
not forming such a metallic film on the transparent base plate 42A. The characteristics were measured in the same 
manner and the results are tabulated in Table 5. 

Comparative Examples 8, 9 

Electromagnetic-wave shielding and light transmitting plates were made in the same manner as Example 7 but 
not forming such a metallic film on the transparent base plate 42A and interposing a copper net specified in Table 5 
betwe n the two transparent base plates. Th characteristics were measured in the sam manner and the results ar 
tabulated in Table 5. 
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(Table 5) 



5 


Examples 


Conductive 
Mesh Member 


Electromagnetic Shielding Efficiency (dB) 


Light 
Transmittance 
(%) 


Visibility 








30MHz 


100MHz 


300MHz 






10 
IS 


Comparative 
Example 7 


None 


24 


14 


3 


92 


Good 


Comparative 
Example 8 


Stainless Steel 
Mesh #17 Wire 

Diameter: 
0.14mm Open 
Area Ratio : 
82% 


43 


33 


23 


80 


Good 


20 


Comparative 
Example 9 


Stainless Steel 

Mesh #165 
Wire Diameter : 
0.05mm Open 
Area Ratio : 
46% 


63 


62 


57 


45 


Bad (moire) 



It is apparent from Table 4 and Table 5 that good electromagnetic-wave shielding and light transmitting plates can 
be provided according to the third aspect. 

Hereinafter, the fourth aspect will be more concretely described by means of examples and comparative examples. 
Adhesive films used in the examples and comparative examples were made in the same way of the first aspect. 



Examples 9 and 10 

Used as the front transparent base plate 52A was a glass plate having a thickness of 3.0 mm and used as the rear 
transparent base plate 528 was a PET sheet having a thickness of 0. 1 mm. The transparent base plate 52A was formed 
with a conductive layer 53 on one surface thereof by printing a pattern specified in Table 6 with conductive ink specified 
in Table 6. These plates 52A, 528 having an adhesive film interposed therebetween were entered into a rubber bag 
which was then vacuumed to be deaerated and pre-compressed by heating them at 85 "C for 15 minutes After that, 
the object thus pre-compressed was entered into an oven and heated at 1 50 °C for 1 5 minutes so that it is crosslinked 
and hardened to be integrated. 

The resultant plate was measured for its electromagnetic-wave shielding effect in a range between 30 MHz and 
300 MHz, its light transmittance, and its visibility (the presence or absence of moire phenomenon) in the same manner 
as the first aspect. The results are tabulated in Table 6. 



Comparative Example 10 

An electromagnetic-wave shielding and light transmitting plate was made in the same manner as Example 9 but 
not printing such a pattern on the transparent base plate 52A. The characteristics were measured in the same manner 
and the results are tabulated in Table 7. 



Comparative Examples 11 and 12 

Electromagnetic-wave shielding and light transmitting plates were made in the same manner as Example 9 but 
not printing such a pattern on the transparent base plate 52A and interposing a conductive mesh member specified in 
Table 7 between the transparent base plates 52A and 52B. The characteristics were measured in the same manner 
and the r suits are tabulated in Table 7. 
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[Table 7] 



5 


Examples 


Conductive 
Mesh Member 


Electromagnetic Shielding Efficiency (dB) 


Ught 
Transmittance 

\ '°) 


Visibility 








30MH2 


100MHz 


300MHz 






10 
1S 


Comparative 
Example 10 


None 


24 


14 


3 


92 


Good 


Comparative 
Example 11 


Stainless Steel 
Mesh #17 Wire 

Diameter: 
0.14mm Open 
Area Ratio : 
82% 


43 


33 


23 


80 


Good 


20 


Comparative 
Example 12 


Stainless Steel 

Mesh #165 
Wire Diameter : 
0.05mm Open 
Area Ratio : 
46% 


63 


62 


57 


45 


Bad (moire) 



It is apparent from Table 6 and Table 7 that good electromagnetic-wave shielding and light transmitting plates can 
be provided according to the fourth aspect. 

Hereinafter, the fifth aspect will be more concretely described by means of examples and comparative examples. 
Adhesive films used in the examples and comparative examples were made in the same way of the first aspect. 



Examples 11 and 12, Comparative Example 13 

Used as the front transparent base plate 62A was a glass plate having a thickness of 3.0 mm which was formed 
with an antiref lection film A or B (details are shown in Table 8) on a surface thereof (no antireflection film in Comparative 
Example 13) and used as the rear transparent base plate 62B was a PET sheet having a thickness of 0.1 mm. These 
plates 62A, 62B having a conductive mesh member specified in Table 9 interposing between two adhesive films inter- 
posed between the plates 62A and 62B were entered into a rubber bag which was then vacuumed to be deaerated 
and pre-compressed by heating them at 90 "C for 10 minutes. After that, the object thus pre-compressed was entered 
into an oven and heated at 1 50 °C for 15 minutes so that it is crosslinked and hardened to be integrated. 

The resultant plate was measured for its electromagnetic-wave shielding effect in a range between 30 MHz and 
300 MHz, its light transmittance, and the presence or absence of moire phenomenon in the same manner as the first 
aspect, and its visibility of display images during receiving incident light in the following manner. The results are tabu- 
lated in Table 9. 

Visibility of display images during receiving incident light 

The visibility was measured by injecting artificial light beam or sunbeam obliquely at 30 degree from the perpen- 
dicular of the display and, in this state, observing obliquely at 30 on the opposite side whether images on the display 
was perceived. 



[Table 8] 
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Antireflection Film 


Structure 


Material 


Thickness (A) 


A 


Four-layer laminated film in which two ITO films 
and two Si02 films are alternatively laminated 


Forth layer 


SiOg 


860 


Third layer 


ITO 


1250 


Second layer 


Si02 


300 


First layer 


ITO 


150 



25 
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(Table 8] (continued) 



Antireflection Film 


Structure 


Material 


Thickness (A) 


B 


Four-layer laminated film in which two TiOg films 
and two Si02 films are alternatively laminated 


Forth layer 


SiOa 


860 


Third layer 


TiOg 


1090 


Second layer 


SiOg 


250 


First layer 


Ti02 


150 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 
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Visibility of 
display 
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Good 


Good 


Not perceived 
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effect of 
reflected light 
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. It is apparent from Table 9 that good electromagnetic-wave shi Iding and light transmitting plates can be provided 
according to the fifth aspect. 

in the test with Comparative Example 13 having no antirefiection film, the images on the display could not be 
perceived by the human eye because of the effect of reflected light of the incident light on the opposite side. On the 
5 other hand, in the tests with Examples 1 1 and 1 2 laminated with the antirefiection film, the images on the display were 
not affected by the incident light and therefore could be perceived by the human eye. 

Hereinafter, the sixth aspect will be more concretely described by means of examples and comparative examples. 
Adhesive films used in the examples and comparative examples were made in the same way of the first aspect. 

10 Examples 13 and 14, Comparative Example 14 

Used as the front transparent base plate 72A was a glass plate having a thickness of 3.0 mm and used as the rear 
transparent base plate 72B was a PET sheet having a thickness of 0. 1 mm. The transparent base plate 72B was formed 
with a heat ray reflecting transparent conductive film 75 specified in Table 10 (no transparent conductive film in Com- 

is parative Example 14) on an opposite surface of the adhesive surface. A conductive mesh member specified in Table 
10 was interposed between two adhesive films which were then interposed between the plates 72A. 72B. These were 
entered into a rubber bag which was then vacuumed to be deaerated and pre-compressed by heating them at 90 "C 
for 10 minutes. After that, the object thus pre-compressed was entered into an oven and heated at 150 "C for 15 
minutes so that it is crosslinked to be integrated. 

20 The resultant plate was measured for its electromagnetic-wave shielding effect in a range between 30 MHz and 

300 I^Hz and its light transmittance in the same manner as the first aspect and was measured for its adiathermancy 
in the following manner The results are tabulated in Table 1 0. 

Adiathermancy 

25 

The evaluation of the adiathernnancy was judged according to the temperature difference between the surface 
temperature of the center of the display and the surface temperature of the center of the filter of this aspect. The 
temperature was measured by using a themnocouple. 
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It is apparent from Table 10 that good electromagnetic-wave shielding and light transmitting plat s can be provided 
according to the sixth aspect. 

In case of Comparative Example 14 having no heat ray reflecting conductive film, the surface temperature signif- 
icantly rose because of radiation heat from the display On the other hand, in case of Examples 13, 14 in which the 
s . heat ray reflecting conductive film was laminated, the rise in the surface temperature could be reduced in the same tests. 

Hereinafter, the seventh aspect will be more concretely described by means of examples and comparative exam- 
ples. 

Adhesive films used in the examples and comparative examples were made in the same way of the first aspect. 



'0 Examples 15 through 26, Comparative Examples 15 and 16 

Used as the front transparent base plate 82A and used as the rear transparent base plate 626 were specified in 
Table 11 . The transparent base plate 82A or 626 was formed with a transparent conductive film specified in Table 1 2, 
13 on a surface thereof specified in Table 12, 13 (no transparent conductive film in Comparative Examples 15, 16). 

is These plates 82A, 826 having a conductive mesh member specified in Table 12,13 interposing between two adhesive 
films interposed between the plates 82A and 828 were entered into a rubber bag which was then vacuumed to be 
deaerated and pre-compressed by heating them at 90 °C for 10 minutes. After tfiat, the object thus pre-compressed 
was entered into an oven and heated at 150 °C for 15 minutes so that it b crosslinked and hardened to be integrated. 
The resultant plate was measured for its electromagnetic-wave shielding effect in a range between 30 MHz and 

20 300 MHz, its light transmtttance, and the presence or absence of moire phenomenon in the same manner as the first 
aspect. The results are tabulated in Tables 12, 13. 



[Table 11] 
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Glass plate of 1 . 1 mm thickness 


Glass plate of 1 .1mm thickness 
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Glass plate of 1 .1 mm thickness 


Glass plate of 1 .1mm thickness 
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Glass plate of 1 . 1 mm thickness 


Glass plate of 1 Imm thickness 
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Glass plate of 1 . 1 mm thickness 


Glass plate of 1 . 1 mm thickness 
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PET sheet of 0. 1 mm thickness 


Glass plate of 1 .1mm thickness 
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Glass plate of 1 . 1 mm thickness 


PET sheet of 0.1mm thickness 
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PET sheet of 0. 1 mm thickness 


Glass plate of 1 . 1 mm thickness 




24 


Glass plate of 1 . 1 mm thickness 


PET sheet of 0.1mm thickness 




25 


PET sheet of 0. 1 mm thickness 


Glass plate of 1 .1mm thickness 




26 


Glass plate of 1 . 1 mm thickness 


PET sheet of 0.1mm thickness 


Comparative Example 
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Glass plate of 1 . 1 mm thickness 


Glass plate of 1 imm thickness 
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Glass plate of 1 . 1 mm thickness 


Glass plate of 1 .1mm thicloiess 
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It is apparent from Tables 12, 13 that good electromagnetic-wave shielding and light transmitting plates can be 
provided according to the seventh aspect. 

In case of Comparative Examples 15, 16 having no transparent conductive film, the moire phenomenon was pro- 
duced between the mesh member and the matrix of the display. On the other hand, the combination of the open mesh 
s and the transparent conductive film like this aspect prevent the moire phenomenon, thereby making a filter having 
excellent electromagnetic-wave shielding efficiency and good light transparency. 

Hereinafter, the eighth aspect will be more concretely described by means of examples and comparative examples. 

Adhesive films used in the examples and comparative examples were made in the same way of the first aspect. 

10 Examples 27 through 32, Comparative Examples 17 and 18 

Used as the front transparent base plate 92A was a glass plate having a thickness of 3.0 mm and used as the rear 
transparent base plate 92B was a PET sheet having a thickness of 0.1 mm. These plates 92A, 92B between which 
two adhesive films having a conductive mesh member shown in Fig. 14 therebetween were interposed were entered 
IS into a rubber bag which was then vacuumed to be deaerated and pre-compressed by heating them at 90 "C for 10 
minutes After that, the object thus pre-compressed was entered into an oven and heated at 1 50 °C for 1 5 minutes so 
that it is crosslinked hardened to be integrated. 

The resultant plate was measured for its electromagnetic-wave shielding effect in a range between 30 MHz and 
300 IViHz and its light transmlttance in the same manner as the first aspect. The results are tabulated in Table 1 4. 



20 
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Examples 33 through 38, Comparative Examples 19 and 20 



Electromagnetic-wave shielding and light transmitting plate were made in the same manner as Example 27 but 
ss using metal-coated organic fibers specified in Table 1 5 as the conductive mesh member The charact ristics were 
measured in the same manner and the results are tabulated in Table 15. 
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Examples 39 through 44 



Electromagnetic-wave shielding and light transmitting plate were made in the same manner as Example 27 but 
30 using a conductive composite mesh member specified in Table 1 6 as the conductive mesh member The characteristics 
were measured in the same manner and the presence or absence of moire phenomenon was tested in the same 
manner as the first aspect The results are tabulated in Table 16. 
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It is apparent from Tables 14 through 16 that good electromagnetic-wave shielding and light transmitting plates 
can be provided according to the eighth aspect. 
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Claims 

1. An electromagnetic-wave shielding and light transmitting plate, comprising two transparent base plates and an 
adhesive layer made of resin in which conductive particles are dispersed, said base plates being integrally bonded 
by said adhesive layer 

2. An electromagnetic-wave shielding and lighl transmitting plate as claimed in claim 1 , characterized in that the ratio 
of the conductive particles relative to the resin in the adhesive layer is in a range from 0. 1 to 50 % by weight. 

3. An electromagnetic-waye shielding and light transmitting plate as claimed in claim 1 or 2, characterized in that the 
IS particle size of the conductive particles is 0.5 mm or less. 

4. An electromagnetic-wave shielding and light transmitting plate as claimed in any one of claims 1 through 3, char- 
acterized in that the resin is ethvlene-vinvl acetate copolymer. 

20 5. An electromagnetic-wave shielding and light transmitting plate as claimed in any one of claims 1 through 4, char- 
acterized by further comprising a conductive mesh member interposed between said two transparent base plates. 

6. An electromagnetic-wave shielding and light transmitting plate as claimed in any one of claims 1 through 5, char- 
acterized in that the conductive particles are made of carbon. 

25 

7. An electromagnetic-wave shielding and light transmitting plate as claimed in any one of claims 1 through 5, char- 
acterized in that the conductive particles are made of metal or alby. 

8. An electromagnetic-wave shielding and light transmitting plate as claimed in any one of claims 1 through 5, char- 
30 acterized in that the conductive particles are plastic particles which are surfaced with coating layer of carbon, 

metal, or alloy. 

9. An electromagnetic-wave shielding and light transmitting plate including a transparent base plate having a con- 
ductive layer which is bonded to the surface the transparent base plate by resin, characterized in that said con- 

■35 ductive layer is a conductive foil which is pattern etched. 

10. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 9, characterized in that said 
conductive layer is interposed between two transparent base plates. 

40 11. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 9, characterized in that said 
conductive layer is disposed on one of surfaces of one transparent base plate. 

12. An electromagnetic-wave shielding and light transmitting plate as claimed in any one of claims 9 through 11 , char- 
acterized in that said foil is a metallic foil which is formed in a predetermined pattern by steps of coating with 

fs photoresist, pattern exposure, and etching. 

13. An electromagnetic-wave shielding and light transmitting plate as claimed in any one of claims 9 through 12, 
characterized in that said resin is ethylene-vinyl acetate copolymer. 

so 14. An electromagnetic-wave shielding and light transmitting plate including a transparent base plate having a con- 
ductive layer which is formed on the surface of the transparent base plate, characterized in that said conductive 
layer is a conductive film which is pattern etched. 

15. An lectromagnetic-wave shielding and light transmitting plate as claimed in claim 14, characterized by comprising 
SB two transparent base plates integrally bonded by adhesive r sin togeth r, wherein said conductive layer is fomied 

on at least one of th transparent base plates. 

16. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 14 or 15, characterized in that 
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said conductive film is a metallic film which is fomied in a predetermined pattern by steps of coating with photor sist, 
pattern exposure, and etching. 

17. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 15 or 16, characterized in that 
said adhesive resin is ethylene-vinyl acetate copolymer. 

18. An electromagnetic-wave shielding and light transmitting plate including a transparent base plate having a con- 
ductive layer which is formed on a surface of the transparent base plate, characterized in that the conductive layer 
is conductive ink provided on the surface of the transparent base plate by pattern printing. 

1 9. An electromagnetic-wave shie Iding and light transmitting plate as claimed in claim 1 8, characterized by comprising 
two transparent base plates integrally bonded by adhesive resin together, wherein said conductive layer is formed 
on at least one of the surfaces of the transparent base plates. 

IS 20. An electronnagnetic-wave shielding and light transmitting plate as claimed in claim 19, characterized in that said 
adhesive resin is ethylene-vinyl acetate copolymer. 

21 . An electromagnetic-wave shielding and light transmitting plate comprising two transparent base plates and a con- 
ductive mesh member, interposed therebetween, which are integrally bonded by adhesive resin together, charac- 

20 terized in that 

the transparent base plate located at the opposite side of an electromagnetic wave source is formed with an 
antireflection film, which is a laminated film of a high-refractive transparent film and a low-refractive transparent 
film, on a surface thereof. 

25 

22. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 21, characterized in that the 
high-refractive transparent film is a transparent conductive film. 

23. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 21 or 22, characterized in that 
30 the antireflection film is a multi-layered film formed by laminating alternatively high-refractive transparent films and 

low-refractive transparent films. 

24. An electromagnetic-wave shielding and light transmitting plate as claimed in any one of claims 21 through 23, 
characterized in that the antireflection film is fomned with an antifouling film thereon. 

35 

25. An electromagnetic-wave shielding and light transmitting plate as claimed in any one of claims 21 through 24, 
characterized in that the adhesive resin is ethylene-vinyl acetate copolymer 

26. An electromagnetic-wave shielding and light transmitting plate comprising two transparent base plates and a con- 
40 ductive mesh member interposed therebetween, which are integrally bonded by adhesive resin together, charac- 
terized in that 

the transparent base plate located at the side of an electromagnetic wave source is formed with a heat ray 
reflecting transparent conductive film on a surface thereof. 

45 

27. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 26, characterized in that the 
adhesive resin is ethylene-vinyl acetate copolymer. 

28. An electromagnetic-wave shielding and light transmitting plate comprising two transparent base plates and a con- 
so ductive mesh member interposed theretjetween, which are integrally bonded by adhesive resin together, charac- 
terized in that 

at least one of the transparent base plates is formed with a transparent conductive film on one or both of 
surfac s thereof. 



55 



29. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 28, characteriz d in that the 
adhesive resin is thylene-vinyl acetate copolymer. 
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30. An electromagnetic-wave shielding and light transnnitting plat comprising two transparent base plates and a con- 
ductive mesh member interposed therebetween, which are integrally tjonded by adhesive resin together, charac- 
terized in that 

s the conductive mesh member is a mesh made of metallic fibers of which the wire diameter is between 1 and 

200 Mm and the open area ratio is between 30 and 99.9 %. 

31 . An electromagnetic-wave shielding and light transmitting plate comprising two transparent base plates and a con- 
ductive mesh member interposed theret>etween, which are integrally bonded by adhesive resin together, charac- 

'0 terized in that . 

the conductive mesh member is a mesh made of metal-coated organic fibers of which the wire diameter is 
between 1 and 200 ^lm and the open area ratio is between 30 and 99.9 %. 

32. An electromagnetic-wave shielding and light transmitting plate comprising two transparent base plates and a con- 
ductive mesh member interposed therebetween, which are integrally bonded by adhesive resin together, charac- 
terized in that 

the conductive mesh member is a composite mesh In which metallic fibers and/or metal-coated organic fibers 
20 and organic fibers are woven. 

33. An electromagnetic-wave shielding and light transmitting plate as claimed in claim 32, characterized in that the 
conductive mesh member has a wire diameter from 1 and 200 (im and an open area ratio from 30 to 99.9 %. 

25 34. An electromagnetic-wave shielding and light transmitting plate as claimed in any one of claims 30 through 33, 
characterized in that the adhesive resin is ethylena-vinyl acetate copolymer. 
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Fig.l 
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Fig.2a 




40 



EP 0 887 834 A2 




EP 0 887 834 A2 




42 



4 



EP 0 887 834 A2 
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Fig.9 
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(54) Electromagnetic wave shielding and light transmitting plate 



(57) An electromagnetic-wave shielding and light 
transmitting plate suitable for an electromagnetic-wave 
shielding filter for a PDP, which has good electromag- 
netic-wave shielding efficiency and light transparency, 
can provide distinct pictures, and can yet be easily 
made, is provided. The electromagnetic-wave shielding 
and light transmitting plate comprises two transparent 
base plates and an adhesive layer made of EVA in which 
conductive particles are dispersed and mixed. The base 
plates are integrally bonded together by the adhesive 
layer Adjusting the particle size and the dispersed 
amount of the conductive particles enables the manu- 
facture of plates having desired electromagnetic-wave 
shielding efficiency, in addition, good light transparency, 
without moire phenomenon. Using an adhesive sheet 
formed by mixing the conductive particles into the EVA 
facilitates the manufacture of the aforementioned plate. 
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An electromagnetic-wave shielding and light transmiting 
plate coirprising an adhesive resin bonding two transparent 
plates, conductive particles being dispersed in said resin. 



2. Claims: 9-17 

An electromagnetic-wave shielding and light transmitting 
plate comprising a transparent plate and a conductive layer 
(claims 9-13) or foil (claims 14-17) said layer or foil 
being pattern etched. 



3. Claims: 18-29 

An electromangetic-wave shielding and light transmitting 
plate cwnprising a transparent plate and a conductive layer 
of a conductive ink pattern printed on said transparent 
plate. 



4. Claims: 21-25 

An electromagnetic-wave shielding and light transmitting 
plate coirprising two transparent plates and a conductive 
mesh interposed therebetween, an anti reflection film being 
provided on the outer surface of one of said transparent 
plates. 



5. Claims: 26-27 

An electromagnetic-wave shielding and light transmitting 
plate comprising two transparent plates and a conductive 
mesh interposed therebetween, an heat ray reflecting 
transparent conductive film being provided on one surface of 
at least one of said transparent plates. 



6. Claims: 28-29 

An electromagnetic-wave shielding and light transmitting 
plate comprising two transparent plates and a conductive 
mesh interposed therebetween, a transparent conductive film 
being formed on one or both surfaces of at least one of said 
transparent plates. 
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An electromagnetic-wave shielding and light transmitting 
plate coniirlsing a conductive mesh between two transparent 
plates, said mesh being made either of metallic fibers or 
metal -coated organic fibers with a defined wire diameter and 
open area ratio. 
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